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Abstract: Coastal infrastructure projects such harbours and marinas usually require the construction 
of breakwaters to maintain a stable entrance channel but they also interrupt the alongshore transport of 
sand resulting in accumulation of sand on the upstream section. In south-west Australia due to the 
presence of large offshore seagrass beds, wrack (dead seagrass leaves) accumulation has become a 
major environmental problem leading to the development mitigation options. In this paper, we present 
results from two contrasting locations as case studies: Port Geographe and Jurien Bay. Problems 
associated with seagrass wrack, a common feature in many tropical and subtropical regions are 
presented. Solutions to alleviate this problem through the development of a seagrass wrack transport 
model coupled to a morphological model are described. 
Keywords: seagrass wrack, harbour layout, natural bypassing, numerical modelling 
1 Introduction 
Globally, beaches often accumulate sizeable stocks of marine detritus, commonly referred to as wrack 
with the majority consists of dead seagrass, transported from the inner continental shelf across the surf 
zone to the beach particularly under storm conditions. Seagrass wrack has many important ecological 
functions (Liu et al., 2019) but is also is a nuisance to humans due to the production of un-pleasant 
odors when wrack mattes decompose on the shoreline resulting in loss of beach amenity (Oldham et 
al., 2010). The global impacts of wrack are highlighted by Lamb (2018): ‘From the shores of Nigeria, 
to remote villages in the West Indies, to the tourist beaches of Quintana Roo and the glossy high rises 
of Florida, the seaweed kept coming. Each incoming tide added to the precarious cliffs of algae until 
they were taller than grown men. The piles reeked of decay, disgorging dead fish and smothered 
turtles. Tourists stayed away. Out in the harbors, boats floated, useless, on dense tides of solid brown 
weeds. In the past, villagers might have harvested the beached seaweed to dry or bury as fertilizer, but 
the sheer volume of it on the shoreline – trapped and rotting – made any practical use impossible. 
They could only watch as the piles grew higher’. 
Coastal structures have the ability to accumulate wrack exasperating the natural accumulations.  
Coastal infrastructure projects, such as harbours and marinas, require the construction of breakwaters 
to maintain a stable entrance channel; however, this interrupts the alongshore transport of sand, 
causing sand to accumulate on the upstream section. Some developments have installed sand bypass 
systems, which artificially pump sand across the entrance. Many successful projects have constructed 
these systems using this approach (Boswood and Murray, 2001). In some cases, the projects were 
unsuccessful and remedial measures had to be undertaken (Brøker et al., 2007).  
This paper presents two studies undertaken in south-west Australia to mitigate the effects of wrack 
accumulations near recreational marinas and small craft harbours. Being the driest inhabited continent 
with low rainfall, there are no major river inputs in this region of the coast, resulting in a clear water 
environment, with large seagrass beds contributing large volumes of wrack to the local beaches. The 
presence of headlands and reefs cause significant attenuation of the incident wave climate contribute 
to the flourishing seagrass beds through reduced wave action. The wrack is formed during the summer 
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months when the plants shed their leaves. During the winter months, wrack is transported onshore by 
storm action and the high water levels due to storm surges and strong onshore winds transport wrack 
onto the upper beachface and when the water level recedes the wrack is ‘stranded’ on the beach.  The 
wrack transported on to beaches during a winter storm remains on the beach until a subsequent storm 
transport the wrack, usually, along the shoreline. The wrack is removed from the beaches when the 
supply of sea grass wrack from offshore diminishes.  No natural flow mechanism exists to transport 
the wrack, trapped by coastal structures. Here, wrack piles up on the beach and becomes compacted. 
The mean sea level also higher during winter, peaking in June (Pattiaratchi and Eliot, 2008).  The 
combination of high tides, waves, storm surges, and strong winds produces high water levels at the 
coast (Pattiaratchi and Eliot, 2008).  Wrack accumulation near marinas and small boat harbours is a 
significant issue in south western Australia and many studies have been undertaken to ameliorate 
these effects for established harbours (Port Geographe and Jurien Bay. as described in this paper) and 
for those in the design phase Augusta (Pattiaratchi et al., 2013) and Two Rocks (MacPherson et al., 
2014). 
1.1 Port Geographe  
Port Geographe marina and canal estate system was developed in the early nineties that including 
breakwaters and groynes extending into the ocean together with a series of residential canals and a 
private marina (Fig. 1a). A sand bypass system was designed to pump sand across the harbour 
entrance from the west (upstream) to nourish the beaches in the east.  Sand was allowed to accumulate 
in the sand trap (Fig. 1a); however, the artificial bypassing became a challenging issue because of the 
presence of seagrass wrack, which was more efficiently trapped by the sand trap than sand. Up to 
~100,000 m
3
 of wrack was trapped on the beach to depths of several meters and 1–2 km in length 
(Fig. 1b); this had large implications for the artificial bypass system designed to transport ~50,000 m
3
 
of sand per year, with the wrack interfering with the sand pumping. Wrack accumulation caused 
severe environmental problems (e.g. odour, reduced beach use) on the western side of the 






Fig. 1. (a) Port Geographe in south-western Australia showing the marina entrance and associated groynes, the sand 
trap, and Wonnerup beaches (Google image obtained on 19 December 2010); (b) Accumulation of seagrass 
wrack on the eastern side of the entrance groyne (Nearmap image obtained on 11 December 2009); (c) 







1.2 Jurien Bay Boat Harbour (JBBH)   
Jurien Bay Boat Harbour (JBBH) was constructed in 1988 with two breakwaters: a 170 m long 
breakwater to the north and a 240 m breakwater to the south with an entrance channel leading into a 
basin area containing service jetties, a boat yard and public boat ramps. The harbour entrance is ~120 
m wide with a mean depth at the entrance ~4.5 m. The inner harbour basin has a mean depth of 
~3.3m. The total area of the harbour basin and entrance channel is ~16 hectares. The Jurien Bay 
features a shallow complex bathymetry. Presence of a series of offshore islands and reef systems 
result in low wave energy within the near shore zone and JBBH. In the recent years, JBBH has faced 
significant water quality issues and navigation problems due to accumulation of sea grass wrack inside 
the harbour, particularly during autumn and winter storms. During storm events, sea grass wrack that 
has been accumulated along the beach adjacent to the northern breakwater and is transported into 
JBBH with the existing wider entrance channel entrance providing an easy access for wrack to enter 






Fig. 2. (a) Jurien Bay Boat Harbour showing the entrance and accumulation of seagrass wrack on the northern of the 
breakwater (Google image obtained on 13 August 2018); (b) bathymetry of the local region. Location of JBBH 
is shown with arrow; (c) distribution of significant wave height during a storm on 22 June 2017 showing the 







2.1 Hydrodynamics and morphology  
Because of the shallow and un-stratified nature of Geographe Bay, depth-averaged, two-dimensional 
hydrodynamic models (MIKE 21 and DELFT3D) were used for this study (Pattiaratchi et al., 2012). A 
separate particle-tracking model designed to simulate the seagrass wrack behaviour was also 
developed as part of this study. The coupled model flow diagram included hydrodynamic forcing at 
the boundaries (winds, waves, and sea level), which defined the flow field in the hydrodynamic 
model. The hydrodynamic model output was used to predict: (1) sand transport and the associated 
morphological changes; and, (2) the seagrass wrack transport using the particle-tracking model. A 
feedback loop to update the bathymetry resulting from morphological changes was also included in 
the model (Fig. 4).  
2.2 Seagrass wrack transport  
The depth-mean current fields from the hydrodynamic module were used to force the seagrass wrack 
particle transport model. Here, it was assumed that the seagrass wrack could be simulated using 
passive particles in the water column. The particle transport model included four stages of wrack 
behaviour: (1) settling on the seabed; (2) transport through the water column; (3) settling on the beach; 
and, (4) resuspension and transport off the beach. These states corresponded to the set of equations for 
settling, resuspension, transport, and dry resuspension, respectively. The flooding and drying ability of 
the hydrodynamic model, along with this erosion component, allowed the simulated wrack to be 




Fig. 3. Schematic of coupled numerical model flow diagram.  
Resuspension occurs when wrack is settled on the seabed and the currents (including waves) induce a 
bottom stress sufficient to lift the seagrass off the seabed to a level above the seabed. This elevation 
above the bottom was calculated using a random walk model: 𝛿𝛿𝛿𝛿 = 𝑎𝑎�6𝐸𝐸𝑣𝑣𝑑𝑑𝑑𝑑      (1) 
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Where, δz is the variation of the elevation in one model time step; a is a normally distributed random 




]; and dt is the model time step. The 
bottom stress induced by the current is calculated using the shear stress equation:  𝜏𝜏 = �𝑢𝑢2+𝑣𝑣2�𝜅𝜅2𝑙𝑙𝑙𝑙2(0.37ℎ 𝑧𝑧0⁄ )     (2) 
Where, τ is the shear stress; u and v are the depth-averaged horizontal velocity components (east and 
north, respectively); κ is the von Karman constant (0.41); h is the mean water depth; and, zo is the 
roughness length. When this shear stress exceeds a critical value, resuspension occurs. This critical 









 for Amphibolis leaves (Oldham et al., 2010). 
Once re-suspended, the particles (wrack) are subjected to currents and turbulence in three 
dimensions. The two-dimensional current field from the hydrodynamic currents does not account for 
vertical currents and small-scale turbulence. To simulate the dispersive effect of random turbulence on 
wrack, a random walk is used in the model. The horizontal displacement was defined as: 𝛿𝛿𝛿𝛿 = 𝑢𝑢𝑧𝑧𝑑𝑑𝑑𝑑 +  𝑢𝑢𝑠𝑠𝑑𝑑𝑑𝑑 + 𝑎𝑎�6𝐸𝐸ℎ𝑑𝑑𝑑𝑑      (3) 
Where δx is the horizontal displacement during one model time step; uz is the horizontal current 
velocity at the depth of the wrack; us is the Stokes drift; a is a normally distributed random number in 





The vertical displacement was defined as: 𝛿𝛿𝛿𝛿 = 𝑤𝑤𝑠𝑠𝑑𝑑𝑑𝑑 + 𝑎𝑎�6𝐸𝐸𝑣𝑣𝑑𝑑𝑑𝑑          (4) 
Where, δz is the vertical displacement during one model time step; ws is the fall velocity [ms–1]; and 




]. The fall velocity (ws) of the wrack was measured in 
the laboratory and was assigned a value of 0.018 ms
–1
 (Oldham et al., 2010). When wrack is deposited 
on the beach, it dries in the sun, and when it returns to the ocean, it floats for a few hours. To account 
for this behaviour in the model, whenever wrack was on the dry beach for an extended period (> 24 
hours), its fall velocity (ws) was set to zero. When resuspension occurred, the fall velocity returned 
(linearly) to its original value after 18 hours. The horizontal current velocity at the depth of the wrack, 
uz, was estimated assuming a logarithmic profile of velocity through the water column. The profile 
was calculated using the depth-averaged velocity simulated by the hydrodynamic model and an 
assumed bed roughness. Stokes drift is present when wave-induced horizontal orbital velocities 
decrease closer to the seabed (Van Rijn, 1990), and us is a second-order mean Lagrangian velocity in 
the direction of wave propagation. In the offshore environment, Stokes drift velocities become 
insignificant; however, closer to shore, they can be significant. Stokes drift (as an input to equation 3) 
was calculated from linear wave theory: 𝑢𝑢𝑠𝑠 = 18𝜔𝜔𝜔𝜔𝐻𝐻2 𝑐𝑐𝑐𝑐𝑠𝑠ℎ(−2𝑘𝑘𝑧𝑧)𝑠𝑠𝑠𝑠𝑙𝑙ℎ2(𝑘𝑘ℎ)      (5) 
where, ω is the angular frequency (rads–1); k, the wave number (radm–1); and, H, the wave height (m).  
Total 200,000 particles were randomly seeded in the offshore regions of the study regions that were 
determined to contain seagrass beds (Figs. 1d and 2d).  
The hydrodynamic fields (spectral waves, currents) and morphology (sand transport, bathymetry 
changes) in the couple model (Fig. 3) were derived from Danish Hydraulic Institute (DHI) MIKE 21 
modelling suite for Port Geographe and DELFT3D for JBBH. The models were forcing using 
measured water levels, winds and waves at the model boundaries and were validated using water 
levels, waves and current measurements. Details regarding model application and validation for each 
site are fully described: Pattiaratchi and Wijeratne (2011, 2016) for Port Geographe; and Pattiaratchi 
and Wijeratne (2019) for JBBH. 
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3 Results 
3.1 Port Geographe 
The model system described in section 2 was used to develop a modified layout to allow for the 
natural bypassing of wrack and sand (Fig. 4) that was implemented in 2014. This included re-
alignment of the entrance breakwaters and the removal of groynes to facilitate natural eastward littoral 
drift, thereby reducing the social and environmental impacts caused by the previous design 
(Pattiaratchi and Wijeratne, 2011). The reconfigured entrance has two curved breakwaters (eastern 
and western) forming the entrance channel, a revetment along the eastern shoreline to Wonnerup and a 
small lagoon formed at the junction of the eastern breakwater and revetment (Fig. 4).   
 
 
Fig. 4. (a) The new entrance configuration based on model results. Red lines denote modified layout; and, (b) Nearmap 
aerial imagery obtained on 26 March 2015.  
The alignment and extent of the western breakwater, the channel entrance, the geometry, and the angle 
of the eastern side seawall are all critical parameters, which were optimized through numerous model 
experiments as follows: 
• The tuning of the alignment, shape, and extent of the curved western breakwater for Port 
Geographe took place until an efficient bypass of both seagrass and sand was achieved across the 
harbour entrance from west to east. 
• The harbour entrance configuration was modified until a minimum rate of sedimentation and 




• The eastern seawall was altered in its extent from the shoreline and its alignment until an efficient 
transport of sand and seagrass was achieved along the seawall towards Wonnerup Beach.  
• Scenarios that included a small lagoon between the seawall and shoreline as a possible alternative 
to an area of reclamation were tested. 
• A short promontory or spur was added to the end of the eastern seawall to improve protection to 
the western corner of Wonnerup Beach.  
 
  
Fig. 5. Predicted seagrass wrack (particle) distribution near Port Geographe on 15 August 2009  for (a) exisiting; and, 




Fig. 6. (a) Predicted cumulative number of particles (seagrass wrack) at the western beach from March to October 2009 
for the existing and recommended layouts; and, (b) Predicted monthly sand accretion and cumulative volumes 
between 1 March and 30 October 2009 at different locations along Port Geographe for the recommended layout 
(Figure 4a).  
The predicted cumulative volumes showed that the natural bypass of sand and seagrass wrack was 
possible through the modified layout (Figs. 6,7). Under this layout, the cumulative sand volume 
deposited on the western part of Port Geographe from 1 March to 1 October 2009 was 17,000 m
3
. The 
maximum accumulation of 11,000 m
3
 occurred in June. From March to June, the beach along the 
western side of Port Geographe continuously accreted. The eastward sand transport was estimated to 
be ~75,000 m
3
 from March to October 2009; therefore, ~68,000 m
3
 of sand was bypassed across the 
marina entrance from west to east. Some sand accumulated along the seawall at the end of the 
simulation period, but the volume was ~8,000 m
3
; thus, the amount of sand bypassed to the eastern 
side (Wonnerup beaches and nearshore area) was estimated to be ~60,000 m
3
. Wonnerup Beach 
accreted over the simulation period (from March to October), where the cumulative volume was 
estimated to be ~2,500 m
3
 (Fig. 6). These results indicated that if no sand were trapped (equilibrium 
beach) on the western side, there would be sufficient sand to address the erosion along the Wonnerup 
beaches.   
Predicted seagrass wrack movement near Port Geographe showed that, under the recommended 
layout, seagrass wrack was efficiently bypassed across the harbour entrance. A small amount of wrack 
was present along the western side of the breakwater, mainly along the shoreline (Fig. 5b). The 
predicted seagrass wrack (particle) accretion on the western side of Port Geographe was < 5,000 




In summary, for Port Geographe the following conclusions were derived: 
• Seagrass wrack accumulation is a natural seasonal phenomenon. Extended and unnatural seagrass 
wrack accumulation on the western beach of Port Geographe could be reduced through changes to 
the existing coastal structures. 
• Numerical modelling showed that once shoreline equilibrium was established on the western 
beach, the natural sediment transport from the western beach to Wonnerup could be improved with 
the recommended groyne reconfiguration. Erosion at Wonnerup Beach could be transformed from 
an eroding beach to a stable and accreting beach consistent with the widths of other nearby natural 
beaches.  
• With the recommended option, siltation in the Port Geographe harbour entrance channel would be 
minimised. The resultant channel maintenance requirements would likely be altered from the 
existing situation, and this would need to be considered as part of a new coastal maintenance 
program. 
3.2 Jurien Bay Boat Harbour  
The Jurien Bay features a shallow complex bathymetry. Presence of a series of offshore islands and 
reef systems result in low wave energy within the near shore zone and JBBH (Fig. 2c). Maximum 
significant wave height (Hs) of 6.8 m was observed offshore Jurien Bay in winter 2017.  The 
corresponding Hs near JBBH for the same event was 1.4 m, an attenuation of ~80%. Circulation in the 
Jurien Bay was strongly influenced by the seasonal winds and the local wave climate with negligible 
tidal currents. Circulation in summer is dominated by diurnal sea breezes with a mean northward flow 
whilst circulation in winter is influenced by the passage of winter storms. Currents within in the Bay 
responded to changes in wind speed almost instantaneously. Infrequent and sudden changes of 
circulation patterns were also observed due to the thunderstorms, tropical cyclones and continental 
shelf wave activity. 
Several numerical model scenarios were undertaken, with the existing JBBH configuration as the 
base case to investigate aspects of seagrass wrack dynamics within Jurien Bay.  These included and 
included: (1) onshore seagrass wrack transport from source regions and nearshore settlement; (2) 
accumulation/erosion of wrack on the beach, alongshore transport and trapping adjacent to the 
breakwaters; and, (3) wrack entering into the harbour.  The model simulations revealed that the 
temporal accumulation of wrack during winter occurred on the north beach adjacent to northern 
harbour breakwater in agreement with the photographic observations. However, both the observations 
(satellite images and camera images) and modelling results revealed that there were no quasi-
permanent wrack accumulation and piling up on the beach/swash zone or trapped adjacent to harbour 
breakwater (Figs 7, 8). During storm events, wrack deposited on the beach adjacent to the northern 
breakwater was transported either to the north, nearshore or along the breakwater.  A proportion of 
this wrack entered the harbour. The process where the wrack accumulated on beach after a storm and 
erosion during a storm occurred thought the winter months. Hence, there was a continuous supply of 
wrack into JBBH over the winter period. There was virtually no wrack observed after winter, as the 
wrack was transported nearshore areas and/or into JBBH.  Simulations revealed that more than 80% of 
the wrack accumulated inside the harbour were derived from wrack that was deposited and eroded 
adjacent to northern breakwater. There was little (<10%) direct inflow of wrack into the harbour 
during storm events. Critical factors that influenced wrack accumulation/erosion along the northern 
breakwater and the adjacent beach and entering into the JBBH were examined. Observations along 
with coupled model results revealed that some wrack was eroded from the beach even during smaller 
storm events. The wrack on the northern beach adjacent to northern breakwater was most likely loose 
(un-compacted) due to the frequent accumulation and erosion process (on-off movement). In contrast, 
continuous accumulations increased the bulk density as a function of time spent on the beach and 
therefore waves and currents with higher energy were required to erode and remove compacted wrack 
from the beach.   
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Fig. 7. Predicted currents, wave climate and seagrass wrack at 07:30 AM on 22 June 2017.  
Fig. 8. Predicted currents, wave climate and seagrass wrack at 07:30 AM on 22 June 2017.  
In summary, for JBBH the following conclusions were derived: 
• Model simulations revealed that majority of wrack at was accumulated near JBBH were derived 
from seagrass beds located in northwest part of the Jurien Bay. Seagrass wrack was also derived 
from western reefs, foreshore banks and were deposited within the relatively deeper parts of the 
bay and in front of the harbour entrance 
• During storm events, sea grass wrack was transported from north to south within the surf zone of 
Jurien Bay and accumulated along the beach adjacent to the northern breakwater. Subsequently, 
this wrack was transported into the harbour basin. The relatively wider entrance channel provided 





In this paper, seagrass wrack transport on beaches, a natural phenomenon, resulted in the failure of the 
sand by pass system leading to erosion in down-stream beaches and severe odour and loss of beach 
amenity through the trapping of wrack by the breakwater in Port Geographe. At JBBH ingress of 
wrack into the harbour basin resulted in deterioration of the water quality, particularly reduction in 
dissolved oxygen levels that led to fish kills. 
The two case studies indicated contrasting processes at the two study locations: (1) at Port 
Geographe the near perpendicular to shoreline the breakwater trapped the wrack and allowed for the 
large scale accumulation of wrack resulting in loss of amenity of the beach, significant odour issues 
and downstream beach erosion. (2) at JBBH, there was no large scale accumulation of wrack. During 
storm events, wrack accumulated along the beach adjacent to the northern breakwater and was 
transported into the harbour basin. 
Numerical modelling results indicated that solutions could derived to ameliorate the wrack 
problems that either allows for the natural by-pass of both sand and seagrass or reduce the ingress of 
the wrack inside the harbour.  However, this requires large modifications to the harbour entrance 
layout with significant costs.  
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